Cortical anomalies have been reported in the brains of dyslexic individuals. In addition, dyslexic and lefthanded individuals have a higher than expected rate of some immune-related diseases. The possible association between immune and cerebrocortical pathology was investigated in the immune-defective New Zealand Black mouse and its hybrid with the New Zealand White mouse. Structural anomalies similar to those present in the dyslexic brain were seen in the brains of these mice. (10, 11) . The distribution of the lesions in the dyslexic appears to be unique. Therefore, this consistent finding in the brains of dyslexic individuals suggests a meaningful association between the structural anomalies and developmental dyslexia. Geschwind and Behan (12, 13) have reported an association between left-handedness and learning disability and a group ofdiseases involving the immune system. Dyslexia was found to be 10 times more frequent among strongly left-handed than among strongly right-handed subjects, and it occurred more commonly in families of left-handed individuals. Conditions implicating defective immune function (predominantly gut and thyroid disorders) also were significantly more frequent in left-handers and their relatives. An increased incidence of migraine, allergies, attention deficit disorders, and skeletal anomalies were also seen and, more recently, a soluble ribonuclear protein known as Ro antigen, which is present in high concentrations in cardiac and brain tissue, was seen in some mothers of dyslexics (19). These associations may offer useful clues to the etiology of the cerebral anomalies in dyslexia.
. In the four brains studied in our laboratory, the abnormalities involved primarily perisylvian association cortices and were more frequent in the left hemisphere. The abnormalities probably reflect developmental alterations occurring on or before the 24th gestational week (when neuronal migration has, by and large, ended in humans) because lesions acquired after that period do not produce similar alterations (6) (7) (8) . In addition, analogous malformations can be produced experimentally in animals by interventions (i.e., freezing lesions) that precede the end of neuronal migration to the cerebral cortex (9) . Neuronal ectopias and cortical dysplasias similar to those seen in the dyslexic brains are only found in 10% of allegedly normal brains (showing a predilection for the frontal lobes and, slightly, for the right hemisphere) (10, 11) . The distribution of the lesions in the dyslexic appears to be unique. Therefore, this consistent finding in the brains of dyslexic individuals suggests a meaningful association between the structural anomalies and developmental dyslexia. Geschwind and Behan (12, 13) have reported an association between left-handedness and learning disability and a group ofdiseases involving the immune system. Dyslexia was found to be 10 times more frequent among strongly left-handed than among strongly right-handed subjects, and it occurred more commonly in families of left-handed individuals. Conditions implicating defective immune function (predominantly gut and thyroid disorders) also were significantly more frequent in left-handers and their relatives. An increased incidence of migraine, allergies, attention deficit disorders, and skeletal anomalies were also seen and, more recently, a soluble ribonuclear protein known as Ro antigen, which is present in high concentrations in cardiac and brain tissue, was seen in some mothers of dyslexics (19) . These associations may offer useful clues to the etiology of the cerebral anomalies in dyslexia.
To address the question of whether a relationship between immune pathology and abnormal brain development exists, we examined the brains of New Zealand Black mice (NZB/BlNJ) and their F1 crosses with New Zealand White mice (NZBWF1/J), strains that spontaneously develop autoimmune disease. The NZB mouse develops hemolytic anemia and the F1 hybrid develops severe renal disease. Both strains are considered models of human systemic lupus erythematosus (14, 15) .
METHODS
We examined 56 brains from 30-to 90-day-old New Zealand mice: 44 NZB/B1NJ and 12 NZBWF1/J mice. For control comparisons, we studied 59 brains of the Swiss-Webster (CFW) outbred mouse strain, which does not have a history of immune dysfunction. Each group was evenly divided between males and females. After transcardial perfusion with 10% formalin, the brains were embedded in celloidin. They were then coronally sectioned at 30 ,Am, and every 10th section was stained for nerve-cell bodies with cresylechtviolett. Comparisons between control and experimental mice were made with a compound microscope. The cytoarchitecture of the cerebral cortex was examined, and the presence of any abnormalities was noted.
RESULTS
Ten ofthe 56 New Zealand mice had clearcut anomalies in the cerebral cortex, whereas no CFW mouse had any cerebral anomalies (x2 = 9.40; df = 1; P = 0.002; see Table 1 ). Nine (6 males and 3 females) of the NZB/B1NJ and one female NZBWF1/J mouse had ectopias. The anomalies were unilateral in the New Zealand mice, except for one NZB/BINJ male in which bilateral ectopias were seen. Of the unilateral ectopias, two were in the right hemisphere and three were in the left hemisphere of male New Zealand mice. In female New Zealand mice, four ectopias were in the right hemisphere and none were located in the left hemisphere.
The anomalies consisted of ectopic collections of neurons in layer I with underlying distortion of layers II-IV (Fig. 1) . The ectopic neurons stretched from layer II through layer I up to the pial surface. The dysplastic cortex, which was often *To whom reprint requests should be addressed. tDeceased, Nov. 4, 1984. The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Developmental Biology: Sherman et al. found in close proximity to the ectopic nests of neurons, consisted of laminar distortion, cell-free areas, and disoriented neurons (Fig. 2) . Occasionally, abnormal blood vessels were present within the dysplastic cortex. In general, the ectopias were small in width and were present only in somatosensory and motor cortices (Fig. 3) . be considered, in general, as a model for spontaneous cortical maldevelopment. Moreover, it may be useful as a model for the cortical abnormalities seen in the dyslexic brain, where similar anatomical changes and disease associations are seen. In both the dyslexic brains and affected mice, the lesions affect the upper cortical layers, thus supporting the notion of an event occurring late in corticogenesis. In both the dyslexic and New Zealand mouse brains, the lesions are predominantly unilateral and involve primary and association cortices. The ambilaterality of the mouse anomalies may reflect the fact that the animals were selected randomly and not for their failure in a specific behavior. In contrast, the dyslexic brains were selected based on their left hemisphere (linguistic) deficits. (12) postulated that the abnormalities in the dyslexic brain may result from an abnormal effect of testosterone, which is also known to alter the development of the immune system through its actions on the thymus. Similarly, shared mechanisms may play a role in the New Zealand mice for the development of immune and brain defects.
Possible behavioral consequences of the brain changes, an important feature in the establishment of an animal model for a human disorder heretofore characterized mainly in behavioral terms, can be examined thoroughly in the New Zealand mice. Behavioral deficits have been reported in NZB mice. Nandy et al. (17) found that only 1 NZB mouse of 33 could learn a conditioned avoidance response after 70 trials, whereas 33 of 55 C57BL/6 control mice acquired the response in 30 trials or less. NZB mice also are initially less active in the open field (18) . The exact relationship between the behavioral abnormalities and the brain anomalies awaits further study.
